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TECHNICAL MEMORANDUM 

This memorandum p r o v i d e s  a summary of t h e  r e s u l t s  of 
a s tudy  of t h e  Apollo Up-Data System. The d e t a i l e d  s t u d y  r e s u l t s  
are i n c l u d e d  i n  a se r ies  o f  memoranda which i n c l u d e  a d e s c r i p t i o n  
o f  t h e  ground s y s t e m , l  t h e  s p a c e c r a f t  s y s t e m , 2  a performance 
a n a l y s i s  o f  t h e  ground data t r a n s m i s s i o n  system,3 a performance 
a n a l y s i 8  o f  the  ground t o  s p a c e c r a f t  t o  ground r a d i o  f r equency  
system, and f l i g h t  performance t o  date o f  t h e  t o t a l  system.5 

which p r o v i d e s  a data s e r v i c e  from t h e  Miss ion  C o n t r o l  C e n t e r  
~ (MCC)  a t  Houston t o  one of  t h e  Apollo space  v e h i c l e s .  V e h i c l e s  

having  a c a p a b i l i t y  t o  r e c e i v e  these d i g i t a l  data i n c l u d e  the 
Command and S e r v i c e  Module ( C S M ) ,  t he  Lunar Module (UT), and 
t h e  Ins t rumen t  Uni t  (IU) of e i t h e r  t h e  S a t u r n  I B  o r  S a t u r n  V 
l aunch  v e h i c l e .  The s y s t e m  p r o v i d e s  f l i g h t  c o n t r o l l e r s  w i t h  
t he  c a p a b i l i t y  o f  c o n t r o l l i n g  v e h i c l e  f u n c t i o n s  by t h e  u s e  of 
Real -Time Commands ( R T C ) ,  t o  p r o v i d e  data t o  t h e  space  v e h i c l e  
computers f o r  subsequent  use of p r o c e s s i n g  (CMC,  LGC and LVDC 
l o a d s  t o  t h e  CSM, LM and IU), t o  p r o v i d e  Central Timing Equip- 
ment u p - d a t e s  t o  t h e  C S M ,  and t o  t e s t  t h e  v e h i c l e ' s  up-da ta  
equipment.  

The Apollo Up-Data System i s  a c l o s e d  loop  sys tem 

The Apollo Up-Data S y s t e m  i s  comprised o f  t h e  
f o 1 lowing m a  j o r  e lement s : 

1) the  Real T ime  Computer Compl x ( R T C C )  l o c a t e d  a t  
M S C ,  7 

2 )  t h e  F l i g h t  Control  team ( t h e  human element  i n  t h e  
s y s t e m ) ,  

3)  t h e  Communications Command and T e l e m e t r y  System 
( C C A T S )  l o c a t e d  a t  M S C ,  

4 )  t h e  N A S A  Communications Network ( N A S C O M ) ,  

5 )  t h e  remote s i t e s  of t h e  MSFN i n c l u d i n g  t h e i r  Remote 
S i t e  Data P rocesso r s  (RSDP) ,  t h e i r  RF equipment and 
t h e i r  up-data  b u f f e r  which i n t e r f a c e s  t h e  two, and 

6 )  t h e  s p a c e c r a f t  r e c e i v i n g  and decoding equipment.  
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A s  ment ioned b e f o r e ,  t h e  system i s  a c l o s e d  loop  sys tem when 
i n  normal o p e r a t i o n .  That i s ,  eve ry  t ime  a message t r a n s -  
m i s s i o n  t o  a s p a c e c r a f t  i s  r e q u e s t e d  by a f l i g h t  c o n t r o l l e r ,  
a v e r i f i c a t i o n  i s  s u p p l i e d  t o  t h e  same f l i g h t  c o n t r o l l e r  
i n d i c a t i n g  that  the r e q u e s t e d  data has been s u c c e s s f u l l y  
r e c e i v e d  by t h e  s p a c e c r a f t .  

The method o f  o p e r a t i o n  o f  t h e  sys t em can be v a r i e d  
as r e q u i r e d  t o  s a t i s fy  miss ion  r e q u i r e m e n t s .  The d i s c u s s i o n  
t h a t  f o l l o w s  r e l a t e s  t o  t h e  normal mode o f  o p e r a t i o n .  I n  
g e n e r a l ,  a l l  data t o  be t r a n s m i t t e d  t o  a space v e h i c l e  i s  
a v a i l a b l e  a t  t he  a p p r o p r i a t e  remote s i t e  o f  the MSFN p r i o r  
t o  t h e  passage o f  t h e  v e h i c l e s  o v e r  t h a t  s i t e .  R T C ' s  and 
t e s t  messages are s t o r e d  on magnet ic  tape p r i o r  t o  the  s t a r t  
of  t h e  mis s ion ;  s p a c e c r a f t  computer i n p u t  data i s  normal ly  
t r a n s m i t t e d  t o  a p a r t i c u l a r  remote s i t e  from t h e  Miss ion  Con- 
t r o l  Cen te r  p r i o r  t o  t h e  pass. During a pass, when i t  i s  
des i r ed  t o  t r a n s m i t  ("up l i n k " )  a command o r  computer l oad ,  
a f l i g h t  c o n t r o l l e r  i n  t h e  MCC-H causes  t h e  CCATS t o  t r a n s m i t  
an "execute  command r e q u e s t "  ( E C R )  t o  t h e  a p p r o p r i a t e  remote 
s i t e .  This  ECR t e l l s  the  remote s i t e  t o  u p l i n k  a p a r t i c u l a r  
message t o  t h e  s p e c i f i e d  v e h i c l e .  P rope r  r e c e i p t  o f  t h i s  
r e q u e s t  by t h e  remote s i t e  command computer ( R S C C )  i s  acknow- 
ledged by t h e  t r a n s m i s s i o n  back t o  MCC-H of a Computer Anal- 
y s i s  P a t t e r n  - V a l i d a t i o n  (CAP-VAL) v i a  t h e  remote s i t e  
t e l e m e t r y  computer (RSTC) and t h e  NASCOM. After p r o p e r  
r e c e i p t  of  t h e  ECR,  t h e  R S C C  encodes t h e  command f o r  t r a n s -  
m i s s i o n  and p r e s e n t s  i t  t o  t h e  up-data  b u f f e r .  The up-data  
b u f f e r  s e r v e s  t o  i n t e r f a c e  t h e  RSCC and t h e  s t a t i o n s  t r a n s -  
m i t t i n g  equipment ,  The up-data message i s  t h e n  t r a n s m i t t e d  
t o  t h e  a p p r o p r i a t e  v e h i c l e  v i a  a UHF command t r a n s m i t t e r  ( f o r  
t h e  S-IB) o r  t h e  U n i f i e d  S-Band Equipment ( C S M ,  LM, s-v).  The 
s p a c e c r a f t  r e c e i v e s  and decodes t h e  message and ,  i f  v a l i d ,  
p roceeds  t o  a c t  upon i t .  Upon c o r r e c t  r e c e i p t  by t h e  v e h i c l e ,  
a message accep tance  p a t t e r n  (MAP) is t e l e m e t e r e d  t o  t h e  MSFN 
i n  t h e  c a s e  of  R T C ' s ,  t e s t  messages and CTE up dates o r  r e t r a n s -  
m i t s  v i a  t e l e m e t r y  t h e  r e c e i v e d  computer data. 

The R S C C ,  at  t h e  remote s i t e  of the  MSFN, t h a n  checks 
t he  MAP o r  computer data t o  i n s u r e  p r o p e r  r e c e i p t  by the  v e h i c l e .  
If t h e  up data message appears t o  have been p r o p e r l y  r e c e i v e d  
by t h e  space  v e h i c l e ,  a v e r i f i c a t i o n  i s  t r a n s m i t t e d  back t o  
MCC-H by t h e  RSTC v i a  t h e  NASCOM. I f  no v e r i f i c a t i o n  i s  r e c e i v e d  
from the  space  v e h i c l e ,  a NONVER (no  v e r i f i c a t i o n )  message i s  
t r a n s m i t t e d  back t o  t h e  f l i g h t  c o n t r o l l e r .  A c t u a l l y ,  i f  no MAP 
i s  r e c e i v e d ,  t h e  RSCC attempts a r e t r a n s m i s s i o n  a u t o m a t i c a l l y  
f o r  a s p e c i f i e d  number of t r a n s m i s s i o n s .  I n  t h e  c a s e  of  computer 
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data ,  t h e  f l i g h t  c o n t r o l l e r  must r e i n i t i a t e  h i s  r e q u e s t .  Also 
i n  t h e  c a s e  o f  computer data ,  s e v e r a l  i n t e r m e d i a t e  v e r i f i c a t i o n s  
are t r a n s m i t t e d  t o  MCC-H and f l i g h t  c o n t r o l l e r  r e s p o n s e  i s  
r e q u i r e d  t o  c o n t i n u e  t h e  up l i n k  t r a n s m i s s i o n s  and f i n a l  e n t r y  
of data i n t o  t h e  v e h i c l e ' s  computer.  A more de t a i l ed  d e s c r i p t i o n  
o f  system o p e r a t i o n  i s  c o n t a i n e d  i n  Reference  1. 

To minimize the  chance o f  t h e  space  v e h i c l e  r e c e i v i n g  
and  o p e r a t i n g  on i n v a l i d  commands of computer data, a large 
amount o f  redundancy i s  added t o  a l l  t r a n s m i s s i o n s ,  b o t h  on 
t h e  ground t r a n s m i s s i o n s  and t h e  rf l i n k  t o  t h e  space  v e h i c l e .  
The ground network,  i n c l u d i n g  CCATS a t  MSC and t h e  remote  s i t e  
data  p r o c e s s o r s ,  u s e  Bose-Chaudhuri-Hocquenghem (BCH) codes  
t o  p r o v i d e  p r o t e c t i o n  a g a i n s t  e r r o r s  ( e r r o r  d e t e c t i o n ) .  The 
ground t o  space  v e h i c l e  l i n k  u s e s  s i m p l e  redundancy.  B r i e f l y ,  
t h e  data  t r a n s m i t t e d  from CCATS t o  a remote s i t e ,  whether i t  
b e  a command r e q u e s t  ( E C R )  or a data l o a d  t o  b e  u p l i n k e d ,  i s  
t r a n s m i t t e d  i n  60 b i t  b locks ,  30 o f  which are  data, 27 e r r o r  
p r o t e c t i o n  and 3 f i l l e r  b i t s .  These data are  t r a n s m i t t e d  t o  
Goddard Space F l i g h t  C e n t e r  (GSFC) v i a  a 50 kbps wide band 
data  c i r c u i t .  On t h e  CCATS t o  GSFC c i r c u i t  e i g h t  60 b i t  
b l o c k s  are f o r m a t t e d  i n t o  a 600 b i t  b lock ;  t h e  1 2 0  a d d i t i o n a l  
b i t s  i n c l u d e ,  i n  a d d i t i o n  t o  normal overhead ,  33 b i t s  o f  e r r o r  
p r o t e c t i o n .  A t  GSFC, t h e  600 b i t  b locks  are  checked f o r  e r r o r s ;  
i f  none are d e t e c t e d ,  t h e  60 b i t  b locks  are separated and  
f o r m a t t e d -  back i n t o  60 b i t  b l o c k s  and t r a n s m i t t e d  t o  t h e  appro- 
p r i a t e  remote s i t e  v i a  a 2 . 4  kbps h i g h  speed  data c i r c u i t .  If 
an  e r r o r  i s  d e t e c t e d  a t  GSPC. t h e  data i s  s imply  de l e t ed .  When 
t h e  60  b i t  b l o c k s  o f  data  are r e c e i v e d  a t  t h e  remote s i t e  by 
t h e  R S C C ,  each  b l o c k  i s  checked f o r  e r r o r .  If no e r r o r  i s  
d e t e c t e d ,  t h e  data i s  a p p r o p r i a t e l y  p r o c e s s e d  and a"CAP VAL" 
i s  t r a n s m i t t e d  t o  MCC-H. The CAP VAL i s  t r a n s m i t t e d  i n  a 26 
b i t  b l o c k  which i s  p r o t e c t e d  by t h e  a d d i t i o n  of 1 4  redundant  
b i t s .  Th i s  t r a n s m i s s i o n  aga in  p a s s e s  t h r o u g h  GSFC and i s  
f o r m a t t e d  as b e f o r e ,  i n t o  600 b i t  b locks  f o r  t r a n s m i s s i o n  
t o  CCATS. G e n e r a l l y ,  CCATS c o n t i n u e s  t o  t r a n s m i t  data u n t i l  
a CAP VAL i s  r e c e i v e d ,  which s e r v e s  t o  t e r m i n a t e  t h e  t r a n s m i s s i o n .  

For  t ra i i smlss ion  o f  d a t a  to a space v e h i c l e  fi?oiii 
a s t a t i o n  of  t h e  MSFN s p e c i f i c  fo rma t s  are used  f o r  each  t y p e  
of up data message. Each message u s e s  t h e  f i r s t  th ree  b i t s  
as a v e h i c l e  address,  t h e  second th ree  b i t s  f o r  s y s t e m  address 
( o r  message t y p e )  and t h e  subsequent  f i e l d  of b i t s  f o r  t h e  
data.  F o r  RTC's,  s i x  more b i t s  are used t o  p r o v i d e  a command 
c a p a b i l i t y  of 6 4  d i f f e r e n t  f u n c t i o n s ;  f o r  t i m i n g  up da t e s ,  
24  b i t s  a re  used t o  p r o v i d e  t i m i n g  down t o  t h e  seconds  l e v e l ;  
and ,  f o r  computer i n p u t  d a t a ,  15  b i t s  p l u s  a check b i t  f o l l o w  
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t h e  v e h i c l e  and system addresses. The 15 b i t s  i n  the computer 
message are f u r t h e r  coded b y  t r a n s m i t t i n g  5 b i t s  of data, 
t h e n  i t s  complement, t h e n  t h e  o r i g i n a l  5 b i t s .  This"data,  
data complement, d a t d ' f o r m a t  i s  checked i n  the v e h i c l e ' s  com- 
p u t e r  sys tem and s e r v e s  p r i m a r i l y  t o  p r o t e c t  the  t r a n s f e r  
between t h e  v e h i c l e ' s  up d a t a  equipment and t h e  computer.  
( T h i s  i s  ana logous  t o  the  s imple  p a r i t y  check used  i n  most 
ground computer s y s t e m s ) .  Each of t h e  i n f o r m a t i o n  b i t s  
d i s c u s s e d  above i s  sub-b i t  encoded. That  i s  f o r  each  i n f o r -  
ma t ion  "one" o r  l l zero l l ,  a s p e c i f i c  f i v e  b i t  p a t t e r n  i s  used  
f o r  encoding .  The s p a c e c r a f t  must d e t e c t  a l l  f i v e  b i t s  
c o r r e c t l y  and compare t h i s  r e c e i v e d  p a t t e r n  w i t h  t h e  "one" p a t t e r n  
t h a t  was s t o r e d ,  p remiss ion ,  on the  s p a c e c r a f t .  One e r r o r  
t h e n ,  i n  d e t e c t i o n  o f  a s i n g l e  s u b - b i t ,  w i l l  cause  r e j e c t i o n  
of t h e  message. 

The MAPS and computer data t r a n s m i t t e d  by t h e  space  
v e h i c l e  t o  E a r t h  t o  p r o v i d e  v e r i f i c a t i o n  are e s s e n t i a l l y  
uncoded ( t h e  computer words do have one p a r i t y  b i t  f o r  each  
15 b i t  word). 

The fo rego ing  i s  meant t o  b e  a ve ry  g e n e r a l  
d e s c r i p t i o n  and a g a i n  t h e  r e a d e r  is referred t o  Reference  (1) 
and ( 2 )  f o r  s p e c i f i c  d e t a i l  and o p t i o n a l  modes. The q u e s t i o n  
which n a t u r a l l y  arises af ter  a d e s c r i p t i o n  of t h i s  t y p e  i s  
"How w e l l  does  t h e  complex s y s t e m  perform?" The b a l a n c e  o f  
t h i s  memorandum p r o v i d e s  a n  answer t o  t h i s  q u e s t i o n .  

The redundancy i n  t h e  Apollo Up-Data System was 
a r r i v e d  a t  b y  t r a d i n g  o f f  message r e j e c t i o n  r a t e  w i t h  e r r o r  
p r o t e c t i o n  ( p r o b a b i l i t y  of a c c e p t i n g  an  u n c o r r e c t  m e s s a g e ) .  
Because of t h e  redundancy i n  t h e  s y s t e m ,  t h e  p r o b a b i l i t y  of 
an  u n d e t e c t e d  e r r o r  e i t h e r  on t h e  ground o r  i n  t h e  s p a c e c r a f t  
i s  ex t r eme ly  remote.  However, i f  t h e  message r e j e c t i o n  r a t e  
becomes h i g h ,  t h e  t ime t o  t r a n s m i t  v a l i d  messages i n c r e a s e s .  
P u t  a n o t h e r  way, d e g r a d a t i o n  i n  system performance m a n i f e s t s  
i t s e l f  i n  i n c r e a s e d  o p e r a t i o n s  t i m e  r a the r  t h a n  o p e r a t i o n  
w i t h  i n c r e a s e d  e r r o r .  It should  be p o i n t e d  o u t  h e r e  t h a t  
t h e  o v e r a l l  d e s i g n  g o a l s  for sys tem o p e r a t i o n  are t h a t  no 
more t h a n  one c o r r e c t  message i n  1 0 0 0  w i l  be r e j e c t e d  and 
t h a t  no more t h a n  one fa lse  message i n  l o 4  w i l l  be a c c e p t e d .  

The BCH codes used f o r  a l l  ground t r a n s m i s s i o n s  
have p r o p e r t i e s  which make them ext remely  a t t r a c t i v e  when 
used  for e r r o r  p r o t e c t i o n .  For example, t h e  57/30 code 
(57  t o t a l  b i t s ,  30 o f  which are da ta )  used  t o  t r a n s m i t  
b l o c k s  o f  data from CCATS a t  MCC-H t o  t h e  remote s i t e s  can 
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d e t e c t  a l l  b u r s t s  of e r r o r s  up t o  l e n g t h  27 .  
e r r o r  b u r s t  i s  d e f i n e d  as t h e  number o f  b i t s  between and i n c l u d -  
i n g  t h e  f i rs t  and l a s t  e r r o n e o u s l y  r e c e i v e d  b i t s  i n  a p a r t i c u l a r  
code word. A d d i t i o n a l l y ,  t h e s e  codes can  d e t e c t  most e r r o r s  if 
t h e y  occur  a t  random. The 57/30 code can,  f o r  example,  d e t e c t  
up t o  1 0  random errors i n  a 57 b i t  b l o c k .  A s  ment ioned b e f o r e ,  
some t y p e  o f  BCH coding  i s  used f o r  a l l  ground/ground t r a n s -  
m i s s i o n s  i n v o l v i n g  command d a t a .  Table  I summarizes t h e  codes 
used  and p r e s e n t s  some e r r o r  d e t e c t i o n  p r o p e r t i e s  o f  each .  

The l e n g t h  o f  a n  

C i r c u i t  

TABLE I 

BOSE-CHAUDHURI-HOCQUENGHEM ( B C H )  CODES USED 

TO PROTECT COMMAND DATA T R A N S M I S S I O N  
Error Performance 

CCATS-Remote S i t e  

( P e r  Block) 
B u r s t  T o t a l  B l o c k  Length/ 

In fo rma t ion  B i t s  Detection ErFoFs 

57/30 2 7  10 

600/567 33 ~ 1 4  CCATS-GSFC 

Remote S i t e  - CCATS 40/26 1 4  Q4 

To de termine  t h e  performance of  t.he ground network 
r e q u i r e s  on ly  t h a t  t h e  above p r o p e r t i e s  ( i n  a d d i t i o n  t o  o t h e r  
parameters r e l a t i n g  t h e  codes performance on a l l  o t h e r  e r r o r  
p a t t e r n s )  and t h e  s t a t i s t i c s  o f  error d i s t r i b u t i o n  o f  t h e  
c i r c u i t s  used  i n  t h e  NASCOM be re la ted .  U n f o r t u n a t e l y ,  e r r o r  
p a t t e r n  s t a t i s t i c s  are n o t  a v a i l a b l e  for t hese  c i r c u i t s  s o  
a n o t h e r  approach  must be  t aken .  (See Reference  3 ) .  Using a n  
approach  or model developed by Mr. E .  0. E l l i o t t  a t  B e l l  Tele- 
phone L a b o r a t o r i e s  and data t a k e n  from t y p i c a l  B e l l  System 
c i r c u i t s  at  v a r i o u s  data rates, a n  a n a l y s i s  was completed 
t h a t ,  i t  i s  f e l t ,  i s  a c c u r a t e  t o  w i t h i n  a n  o r d e r  o f  magni tude.  
The r e s u l t s  of t h i s  ana lys i s  t a k e n  from Reference  3 a re  tabu-  
l a t ed  i n  Table  11. 
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TABLE I1 

Performance of  t h e  NASCOM - I n  Transmiss ion  of Apollo Command Data 

P r o b a b i l i t y  o f  a n  Undetec ted  E r r o r  

- MCC-H t o  Remote S i t e  ( P e r  60 B i t  Block)  

- Remote S i t e  t o  MCC-H ( P e r  40 B i t  Block)  

P r o b a b i l i t y  o f  De tec t ed  E r r o r  (Block R e j e c t i o n )  
(Upper Bound ) 

- MCC-H t o  Remote S i t e  

- Remote S i t e  t o  MCC-H 

-13 
10 

10-9  

10-3  

10-3 

It should  be no ted  t h a t  t h e  peri'ormaiice of' t h e  l i n k  
from MCC-H t o  t h e  GSFC i s  f a c t o r e d  i n t o  t h e  performance data 
p r e s e n t e d  above. This  l i n k  does n o t  m a t e r i a l l y  a f f e c t  t h e  
o v e r a l l  performance ( excep t  i n  a t i m e  s e n s e )  because  e r r o r s  
d e t e c t e d  here s i m p l y  r e s u l t  i n  no r e t r a n s m i s s i o n  t o  t h e  remote 
s i t e .  The b lock  e r r o r  d e t e c t i o n  r a t e  (one 600 b i t  b l o c k  con- 
L - 2 - - * - , . .  50 ",,h 
CI a L i I - L A I E ~  ,,,-bloc s )  has been measured on t h i s  channe l  and 
found t o  be 5 x lo-$ .  The c i r c u i t  b i t  e r r o r  i s ,  i n  g e n e r a l ,  
app rox ima te ly  10-5 and t i m e  v a r y i n g .  

The performance of t h e  l i n k  from t h e  ground t o  t h e  
s p a c e c r a f t  and s p a c e c r a f t  t o  ground i s  ana lyzed  i n  Reference  4 .  
For t h e  l i n k  between t h e  ground s t a t i o n  and t h e  s p a c e c r a f t ,  t he  
same measures  o f  performance a re  of  i n t e r e s t .  The cha ne1  p e r -  
formance t ha t  i s  sub-b i t  e r r o r  r a t e ,  was t a k e n  as  10- . T h i s  
e r r o r  ra6e i s  p o o r e r  t h a n  expec ted  when an Apollo s p a c e c r a f t  i s  
at l u n a r  r ange  o p e r a t i n g  w i t h  a n  o m n i d i r e c t i o n a l  a n t e n n a .  Refer- 
ence  4 p r o v i d e s  an e v a l u a t i o n  f o r  a l l  t y p e s  of up-data  messages 
=sing p r o b a b i l i t i e s  of  message r e j e c t i o n ,  u n d e t e c t e d  error w i t h  
a s i g n a l  i n p u t  and unde tec t ed  e r r o r  w i t h  a n o i s e  i n p u t .  The 
l a t t e r  two measures  r e l a t e  t o  t h e  p r o b a b i l i t y  of  t h e  s p a c e c r a f t  
a c c e p t i n g  as v a l i d  a message r e c e i v e d  i n  e r r o r .  The r e s u l t s  o f  
Re fe rence  4 a r e  t a b u l a t e d  below. 
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TABLE I11 

Performance of t h e  Ground t o  S p a c e c r a f t  Up-Data Channel 

Parameter Type o f  Message Performance 

. Message R e j e c t i o n  RTC (CSM) 
CTE (CSM) 
Computer (LM&CSM) 

. Undetec ted  E r r o r  RTC 
( S i g n a l  I n p u t  CTE 

Computer 

. Noise I n p u t  D m n  
11 1 b 

CTE 
Computer 

A l t e r n a t i v e  c o n f i g u r a t i o n s  were a l s o  e v a l u a t e d ,  which 
i n c l u d e d  performance wi thou t  t h e  sub-b i t  coaine: on the i-ip l i n k  
as well as e l i m i n a t i o n  of t h e  code-eode complement-code format  
used  on computer i n p u t  data. 
t h a t  t h e  sub -b i t  coding cou ld  b e  reduced  from f i v e  b i t s  t o  t h ree  
and t h e  complement format  removed and s t i l l m e e @ t h e  s p e c i f i e d  
per formance  c r i t e r i a .  The o v e r a l l  t i m e  r e q u f r e d  t o  command how- 
e v e r ,  i s  n o t  s i g n i f i c a n t l y  r educed  because  most o f  t h e  t i m e  i s  
used  f o r  v e r i f i c a t i o n  and v a l i d a t i o n .  

The r e s u l t s  o f  this a n a l y s i s  showed 

The t e l e m e t r y  l i n k  from the  s p a c e c r a f t  t o  E a r t h  i s  
a l s o  e v a l u a t e d  i n  Reference  4 so that  a measure of per formance  
can  be o b t a i n e d  f o r  t h e  v e r i f i c a t i o n  p r o c e s s .  To v e r i f y  t h e  
c o r r e c t  r e c e i p t  of a n  up-data message r e q u i r e s  t h a t  a s p e c i f i c  
4 b i t  p a t t e r n  (MAP or message Acceptance P u l s e )  be r e c e i v e d  
v i a  te lemetry f o r  R T C ' s  and CTE up dates ( a n  8 b i t  MAP from 
t h e  LM) and t h a t  a comparison b e  made for a l l  computer data. 
T h i s  comparison must show two good comparisons o u t  of e i g h t  
t r i e s  between t h e  telemetered computer words and t h e  l o a d  t h a t  
w a s  t r a n s m i t t e d  t o  t h e  s p a c e c r a f t .  A summary of t h e  te lemetry 
c h a n n e l  performance r e l a t i v e  t o  v e r i f i c a t i o n  i s  p r e s e n t e d  i n  
T a b l e  I V .  
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TABLE I V  

Summary o f  Down Link Telemet ry  Performance 

P r o b a b i l i t y  of No V e r i f i c a t i o n  

I, shoulr 

10-3 
lo-6 

TLM B i t  E r r o r  Rate Message 

RTC 
RTC 

RTC 

Computer 

be no,ec 

Performance 

(two a t tempts )  
10-l1(two a t t e m p t s )  

lo-lO(two a t tempts )  

(two out of two 
compar isons)  

compar isons)  
10-25(two o u t  of e i g h t  

t h a t  t h e  expecteG performanc of  
t h e  t e l e m e t r y  channe l  a t  l u n a r  r ange  i s  b e t t e r  t h a n  a lo-& b i t  
e r r o r  r a t e  (when. u s i n g  the  v e h i c l e  high g a i n  a n t e n n a ) .  When t h e  
v e h i c l e  o m n i d i r e c t i o n a l  an tenna  i s  used on ly  t h e  low b i t  r a te  
t e l e m e t r y  mode i s  a v a i l a b l e  and t h e  b i t  e r r o r  i s  on t h e  o r d e r  
of 10-3. A t  p r e s e n t ,  t he re  i s  no r equ i r emen t  t o  v e r i f y  a n y t h i n g  
b u t  R T C ' s  and CTE up dates i n  t h i s  low b i t  r a t e  mode (no r e q u i r e -  
ment a t  a l l  for t h e  LM). 

Three r e c e n t  Apollo 4 ,  5 ,  and 6 m i s s i o n s  have used 
t h e  up data s y s t e m  descr ibed here .  The l a u n c h  v e h i c l e  f o r  t h e  
Apol lo  4 and 6 m i s s i o n s  was a S a t u r n  V and used  a n  S-Band l i n k  
t o  p r o v i d e  t he  up data f u n c t i o n .  The S a t u r n  I B  used  f o r  t h e  
Apol lo  5 m i s s i o n  ca r r i e s  UHF up l i n k  equipment .  The s p a c e c r a f t  
i n v o l v e d  i n  these m i s s i o n s  were CSM's on Apollo 4 and 6 and LM-1 
on Apol lo  5 .  The performance of t h e  up-data  s y s t e m ,  d u r i n g  
these rr,issior,s s u b s t a n t i a t e s  t h e  a n a l y s i s  a n d  c o n c l u s i o n s  of  
t h e  s t u d y .  

The Apollo 4 miss ion  demonst ra ted  e s s e n t i a l l y  nominal 
o p e r a t i o n  o f  t h e  system. The ma jo r  c a u s e s  o f  s y s t e m  f a i l u r e  on 
t h i s  m i s s i o n  were due t o  ground s t a t i o n  or o p e r a t o r  problems.  
I n  t o t a l ,  on t h e  AS 5 0 1  m i s s i o n ,  6044 v a l i d  commands were t r a n s -  
m i t t e d ;  20 of  t hese  were r e j e c t e d  by  t h e  s p a c e c r a f t  due t o  
anomol ies  i n  t h e  t r a n s m i t t e d  s i g n a l  (e .g .  o v e r  d e v i a t i o n  of rf 
c a r r i e r ,  f a l se  l o c k  i n  t h e  ground r e c e i v e r  and  m i s c e l l a n e o u s  
modula t ion  d i s c r e p e n c i e s ) .  O f  t h e  remain ing  6024 commands 
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o n l y  two were r e j e c t e d  by t h e  s p a c e  v e h i c l e  (one by t h e  CSM and 
one by t h e  SIVB/IU). 
t h e  s p a c e c r a f t  computer f a i l i n g  t o  ge t  a v a l i d  code,  code 
complement, code check a f t e r  t h e  message had been p r o p e r l y  
r e c e i v e d  and decoded by t h e  s p a c e c r a f t  up data equipment.  T h i s  
per formance  co r re sponds  t o  a 1 . 6  x 10-4 r e j e c t i o n  r a t e  by 
t h e  space v e h i c l e s .  No commands r e c e i v e d  i n  e r r o r  were de te r -  
mined t o  be v a l i d  by e i t h e r  v e h i c l e .  

The r e j e c t i o n  by t h e  CSM was caused  by 

On t h e  o t h e r  two m i s s i o n s ,  namely Apol lo  5 and Apol lo  6 
t h e  up-data  sys tem d i d  n o t  perform as w e l l .  The s p a c e c r a f t  
f o r  t h e  Apol lo  5 m i s s i o n  was LM-1. During t h i s  m i s s i o n ,  a t o t a l  
of 686 commands were t r a n s m i t t e d  t o  LM-1 and on ly  649  a c c e p t e d .  
The f a i - l u r e  of t h e  s y s t e m  on t h i s  m i s s i o n  has been a t t r i b u t e d  
t o  a s p a c e c r a f t  RF sys t em f a i l u r e  which caused  s i g n a l  l e v e l s  
a t  t h e  UHF command r e c e i v e r  i n p u t  t o  be below t h e  t h r e s h o l d  
f o r  much of  t h e  m i s s i o n .  The Apol lo  6 m i s s i o n  appeared t o  
f a r e  b e t t e r ;  however, a s p e c i f i c  command summary was n o t  com- 
p l e t e d  as pa r t  of the  s t u d y .  Again on t h i s  m i s s i o n ,  hardware 
problems were e x p e r i e n c e d  which caused  an  impact  on t h e  up-data 
s y s t e m  performance.  Namely, a n  a p p a r e n t  i n t e r f e r e n c e  problem 
on t h e  i n p u t  t o  t h e  computer which caused  t h e  computer t o  r e j e c t  
i n p u t  data from t h e  command sys tem.  One message r e j e c t i o n  by 
the  CSM has been i d e n t i f i e d .  I n  summary, t h e  performance of  
t h e  Apollo Command System as demons t r a t ed  on these three  m i s s i o n s  
has performed as e x p e c t e d  e x c e p t  f o r  t h e  s p a c e c r a f t  equipment 
anomal ies  and some ground s t a t i o n  f a i l u r e s .  Both of  t hese  
areas can  be expec ted  t o  improve. 

Summary and Conclus ions  

The Apollo Command System h a s  been Drovided a h i g h  
degree o f  redundance t o  p r o t e c t  a l l  t r a n s m i s s i o n s  a g a i n s t  
u n d e t e c t e d  e r r o r s .  From t h e  per formance  a n a l y s i s ,  i t  would 
a p p e a r  t h a t  t h i s  q u a n t i t y  o f  redundancy i s  a ou t  r i g h t  t o  
meet t h e  s p e c i f i e d  performance l e v e l s  o f  r e j e c t i o n  r a t e  
and  10-9 p r o b a b i l i t y  o f  u n d e t e c t e d  e r r o r .  It i s  p o s s i b l e  t o  
e l i m i n a - t e  a small amount, o f  t h i s  red-und.ancy an? s t l l l  meet 
d e s i g n  goa ls ;  t h e  b e n e f i t ,  however, i n  i n c r e a s e d  i n f o r m a t i o n  
r a t e s  does n o t  j u s t i f y  t h i s  p o t e n t i a l l y  c o s t l y  m o d i f i c a t i o n .  
It  would appear a l s o  t h a t  removing a l l  of t h e  redundancy 
w i t h o u t  p r o c e d u r a l  changes i n  t h e  method of  o p e r a t i o n  would 
decrease the  t i m e  t o  command by no more t h a n  h a l f .  F o r  these 
r e a s o n s  and t h e  f a c t  t h a t  any redundancy e l i m i n a t i o n  i s  bound 
t o  lower t h e  s y s t e m ' s  immunity t o  e r r o r ,  i t  i s  recommended 
t h a t  no changes be c o n s i d e r e d  i n  data f o r m a t s .  (It appears 
a l s o  t h a t  p r e s e n t  s y s t e m  o p e r a t i o n  times are  adequa te  f o r  
m i s s i o n  o p e r a t i o n ) .  
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The pas t  f l i g h t  e x p e r i e n c e  i n d i c a t e s  performance o f  
t h e  system i t s e l f  c o r r e l a t e s  w e l l  w i t h  t h e  a n a l y s i s .  
s e v e r a l  anomal ies  i n  performance have  been n o t e d  i n  the areas 
of s p a c e c r a f t  equipment m a l f u n c t i o n  ground s t a t i o n  checkout  
and o p e r a t i o n s .  
t r a i n i n g ,  and e x p e r i e n c e .  

However, 

These areas w i l l  be improved by p r o c e d u r e s ,  
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